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   From July, 1953 to December, 1956, an ophthalmological survey was 
done on 1600 cases exposed to the atomic bomb within 100 to 8000 meters 
from the hypocenter of the explosion in Nagasaki. At the time of examin-
ation, they were from 7 to 69 years old. The survey of radiation cataract 
disclosed the following: I. The radiation cataract statistically was limited 
to persons within 1800 meters from the hypocenter. Posterior polar opaci-
ties were found in 431 out of 752 cases (57.31%) chosen from the survivors 
of such exposure and who were younger than 49 years of age at the time 
of examination. II. The lenticular opacities were punctate opacities in the 
disjunction zones, vacuoles in the cortex, subcapsular plaque-like opacities 
at the posterior pole, and tuff-like opacities in the cortex of the posterior 
pole. They occurred singly or in combination, and the least severe cases 
had only the plaque-like opacities. III. Frequency and severity of the 
atomic bomb radiation cataract were related to radiation dose, which dep-
ended on distance from the hypocenter and individual shielding. They 
were also proportional to general symptoms and especially to epilation of 
the scalp hair. Effect of age and sex were not apparent. IV. The visual 
acuity was hardly disturbed by the atomic-bomb radiation cataract, and 
the cataract did not progress, except in severe cases. Even in cases of 
mature cataract, good vision could be restored by surgery. Therefore, it 
may be said that the general prognosis of the atomic bomb radiation cata-
ract is good.
    In September, 1949, the first case of atomic bomb radiation cataract was report-
ed by HIROSE and FUJINO9) at the nineteenth ophthalmological meeting of Kyushu 
province. After that, CCGAN, MARTIN and KIMURA4) also reported atomic bomb 
radiation cataracts, and ABELSON and KRUGER") reported cyclotron radiation cataract 
in December, 1949. These cataracts signified the new radiation cataracts. 
   Atomic bomb radiation cataract in Hiroshima and Nagasaki were investigated by 
the American ophthalmologists, COGAN, MARTJN, KIMURA, SINSAEY2a) (1955), et al. 
at the Atomic Bomb Casualty Commission (under the supervision of the National 
Research Council with funds supplied by the Atomic Energy Commission). The 
Japanese ophthalmologists who reported atomic bomb radiation cataract were HIROSE 
and FUJINO°), TOKUNAGA27) (1953), MASUDA'° (1955), ASAYAMA and TSUKAAARA2) 
(1955), MAETANI"') (1955). Systematic surveys of atomic bomb radiation cataract 
were done in Nagasaki and Hiroshima by KIMURA and STNSKEY, in Nagasaki by 
HIRosE and FUJJNO, and in Hiroshima by MASUDA. 
   SINSKEY2E' reported high incidence of slight lenticular opacities in the posterior 
subcapsular region among the survivors (Nagasaki : 400 - 1800 meters, 47% out of
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425 cases), and emphasized the significance of the discovery. MASUDA also reported 
high incidence of these opacities among those exposed (Hiroshima : Within 2000 
meters from the hypocenter, 48.5% - 101 out of 208 persons). 
   KIMURA and Iijit3) (1951) also reported histological findings of an atomic 
bomb ' radiation cataract case which was discovered by IKUI in April, 1948, in 
Hiroshima. 
   From July, 1953 to December, 1956, the author examined ophthalmologically 
1600 persons exposed to the atomic bomb within 100 to 8000 meters from the 
hyopcenter of the explosion in Nagasaki. At the time of examination, the ages 
ranged from 7 to 69 years. With the exception of a few significant cases, the 
following were excluded from this survey ; 1) those suffering from eye diseases or 
metabolic diseases that might be complicated by cataract, 2) those that had such 
senile changes in their lenses as cuneiform opacity or water cleft. As controls, the 
normal eyes of 125 subjects, ranging from age 7 to 59, were examined. The results 
of the survey of atomic bomb radiation cataract were as follows.
RESULTS OF SURVEY
          I. Clinical Findings of Atomic Bomb Radiation Cataract 
    The lenticular opacities of atomic bomb radiation cataracts were composed of 
opacities in the cortex (especially, punctate opacities in the disjunction zones), vacuol-
es in the cortex, plaque-like and tuff-like opacities in the subcapsular region of the 
posterior pole. 
    1. .,punctate Opacities in the Disjunction Zones. White, punctate opacities 
were seen in all parts of the lenticular cortex in the control (Fig. 1- B) as well as 
in the exposed group (Fig. 1- A). With the slit lamp, these opacities appeared as 
small dots. In the exposed, the opacities were seen more in the anterior and posteri-
or disjunction zones, whereas in the control they were rarely seen in the disjunction 
zones. It seemed likely therefore that many white, punctate opacities in the disjunc-
tion zones were characteristic of radiation cataract. 
   It was not difficult to detect those opacities associated with the slightest radiation 
cataract. These opacities of moderate and severe radiation cataracts were so plentiful 
and large, that they were easily detected even with the ophthalmoscope. In addition 
to the spnerical opacities, diffuse opacities in the disjunction zones were seen in 
severe radiation cataract. 
    The punctate opacities in the disjunction zones seen in radiation cataract were 
also found in the early stage of complicated cataract (Fig. 1- C). But the opacities 
of the two types can be differentiated by color and shape, for those of the complica-
ted cataract are somewhat brawn, soft and diffuse. 
    The relationship of the frequency of occurrence of. these opacities to the distance 
from the hypocenter was investigated. The opacities were present in 57.14% of 
persons who were 600 to 1200 meters from the hypocenter, but only 21.30% at 
1,200 to 1,800 meters. The direct relationship of frequency of opacities and close-
ness to hypocenter strongly suggests that the punctate opacities in the disjunction 
zones were due to the radiation of atomic bomb. 
    2. Vacuoles in the Cortex. Vacuolesin the cortex of the lens were found not 
only in the exposed but in the control. These vacuoles were more in the subcapsular 
region around the posterior pole and less in the anterior subcapsular region. The num-
ber of vacuole in each lens was usually one, sometimes two (Fig. 2-A) , rarely three
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or four. The frequency of occurrence of vacuoles without the posterior subcapsular 
opacities was 10.09% in the control CHARA and TOKUNAGA" (1957)), and 10.00% in 
the exposed. These two kinds of vacuoles could not be differentiated from each other 
by their form and position. 
    However, some of the exposed lenses had vacuoles with subcapsular opacities in 
the posterior pole (Fig. 2-B), and the number of vacuoles increased with the . severity 
of posterior subcapsular opacities. The relationship of posterior subcapsular opacities to 
vacuoles among the exposed is shown in Table 1. The range of age was limited to 20 
to 39 years, because age might effect the occurrence of lenticular vacuoles. On the 
other hand, it was certain that there was high incidence of vacuole and posterior 
subcapsular opacities caused by the atomic bomb radiation within 1600 meters from 
the hypocenter, because a severe radiation cataract case was found at 1622 meters. 
Thus, the furthest distance was limited to 1600 meters.
                 TABLE 1. 
Relationship of Vacuole to Posterior Subcapsular Opacities
                   Distance 
             _ 1000-1199120013991400-16001 Total Percentage 
Lenticular Changes 
 Vacuole with Posterior 
 Subcapsular Opacities 18 17 4 39 13.45 
 Only Posterior 37 71 41 149 51
.38  Subcapsular Opacities 
 Only Vacuole 1 24 4 29 10.00 
 None 6 30 37 73 25.17 
 Total 62 142 86 290
   Vacuoles with subcapsular opacities of the posterior pole were found in 125 cont-
rols. Therefore, these vacuoles seemed to be due to the atomic bomb radiation. 
   3. Plaque-like Opacities in the Subcapsular Region of the Posterior Pole (Fig. 
3-A). Plaque-like opacities in the subcapsular region of the posterior pole had a high 
incidence in the survivors and appeared amoeba-like but were somewhat more round. 
The opacities seemed to be fine crystals accumulated in a layer on the subcapsular 
surface of the posterior pole. Some parts of the opacities were thick and other parts 
were thin. The opacities could be easily detected with the slit lamp by specular reflec-
tion, and appeared in relief in the subcapsular region of the posterior pole as a plaque 
with a polychromatic sheen. The polychromatic sheen was not from the posterior 
capsule itself but from the plaque-like opacities. Even the severe radiation cataract that 
had tuff-like opacities in the posterior pole showed the wider plaque-like -opacities 
behind those. 
   The plaque-like opacities were seen in 8.00% out of 125 controls, and could not 
be clinically differentiated from those of the exposed. 
   4. Tuff-like Opacities in the Posterior Pole. Tuff-like opacities in the posteri-
or pole were so dense, that the opacities could be seen even by oblique illumination. 
With the slit lamp, the opacities looked like a tuff. 
   Three kinds of tuff-like opacities were found as follows : 
    a. The tuff-like opacities accumulated only about the center of large plaque-like
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FIG. 2. Vacuoles in the posterior subcapsular region.
opacities in the posterior subcapsular region (Fig. 3 - C). 
   b. The tuff-like opacities in the center of large plaque-like opacities in the poste-
rior subcapsular region extended into the posterior disjunction zone, and the opacities 
looked like a small lump of tuff which was sharply bordered anteriorly and equatori-
ally. Some of them showed liquefaction of the inner part (Fig. 3-E). 
   c. Ophthalmoscopically, the opacities showed polygon or doughnut-shape which 
was surrounded by the powder-like opacites and of which the border was denser than 
the central area (Fig. 3-G & I). The diameter of these tuff-like opacities was 
approximately one-third of the diameter of the lens. With the optical section, the 
opacities showed a perfect or imperfect convex meniscus which had a liquefied zone 
between the posterior disjunction zone and the posterior capsule. 
    Anteriorly the opacities were sharply bordered about the posterior disjunction zone, 
and posteriorly the opacities blended into the larger, plaque-like, subcapsular opacities 
(Fig. 3-H). Any change of the posterior capsule was not seen clinically.
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FIG. 3. Posterior subcapsular opacities.
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           II. Classification of Atomic Bomb Radiation Cataracts 
    The atomic bomb radiation cataracts were classified, according to the degree of 
posterior polar opacities, into the following groups. 
   Slight Radiation Cataract I (Fig. 3-A) : The slight or moderate plaque-like 
opacities in the subcapsular region of the posterior pole are detectable not by the ophth-
almoscope and by oblique illumination, but by the slit lamp. Some of these lenses also 
have the white punctate opacities in the anterior and posterior disjunction zones and 
vacuoles in the cortex. 
   7.1% (8 out of 112) of the control (age : 7-49) showed such plaque-like 
opacities. In. the plaque-like opacities there was no morphological difference between 
the exposed and the control. Undoubtedly there are included in the group of slight 
radiation cataract I a few cataracts not caused by radiation. 
   Slight Radiation Cataract II (Fig. 3-B) : The larger plaque-like opacities in 
the subcapsular region of the posterior pole are seen by biomicroscopy. With the 
ophthalmoscope, several dots in the posterior pole and sometimes accumulation of tiny 
bubble-like opacities are observed. The opacities, however, cannot be seen with oblique 
illumination. A great number of these lenses have white, punctate opacities in the 
disjunction zones, and sometimes vacuoles in the cortex. 
   Moderate Radiation Cataract I (Fig. 3-C & D) and II (Fig. 3-E & F) : 
Both the plaque-like opacities in the posterior subcapsular region and the tuff-like 
opacities in the posterior cortex are seen. The tuff-like opacities can be found with 
the ophthalmoscope and oblique illumination. The white, punctate opacities in the 
disjunction zones can always be seen easily with the ophthalmoscope. A great number 
of these lenses have vacuoles in the cortex. 
    In the moderate radiation cataract I, the area :of the tuff-like opacities is limited 
to the surface of the plaque-like opacities, and II indicates those in which the tuff-like 
opacities invade the posterior zone of disjunction. Some of II show liquefaction of the 
inner parts of the tuff-like opacities. 
   Severe Radiation Cataract (Fig. 3 - G, H & I) : The saucer-shaped, tuff-like 
opacities in the posterior cortex and the larger, plaque-like opacities in the posterior 
subcapsular region can. be seen by biomicroscopy. Some of the saucer-shaped opacities 
show typical bivalve configuration with the slit lamp and doughnut silhouette (Fig. 3 -
H & I) with the ophthalmoscope. Many white, punctate opacities and diffuse opaciti-
es in the anterior and posterior zones of disjunction can be seen even with oblique 
illumination. Thess opacities are concentrated in the region of the anterior pole. 
Almost all severe radiation cataracts have vacuoles in the cortex. 
    More severe radiation effect may produce a Total Cataract.
      III. Significant Cases of Atomic Bomb Radiation Cataract 
Table 2 shows seventeen cases of atomic bomb radiation cataract.
        IV. Statistical Observation of Posterior Subcapsular Opacities 
             (Atomic Bomb Radiation Cataract) 
   The posterior subcapsular opacities may occur as a senile change or as a compli-
cated change due to myopia. Therefore, those in the exposed group who were over 50 
years or were myopic (over 4D) were excluded. The following statistics were obtained 
on the remaining 1208 survivors. 
   1. Frequency of Occurrence of Posterior Subcapsular Opacities versus Distance.
             TABLE 2. 
Significant Cases of Atomic-Bomb Radiation Cataract
                                                Signs & Classification Lenticular Opacities No. Age (yr) at Distan Visual Acuity S 
of Name ex ce ing Shield- Symptoms (
corrected) of Radiation Remarks Case Expos. Exam. (meter) due to ATB Cataract 1 2 3 4 5 
                          12 494 Good Ep. 20% OD 1.2 (n.c.) Slight I - Mod - - Cataract from radiation  1 N E F 1 -L                        12 Injuries 05 .2 (n.c.) ! - - - penetrating concrete. 
                    10 Nothing OD 1.5 (n.c.) - Small - - Typical slight radiation  2 C M F 1 1
2 13 1663 Mod peculiar . OS 1.5 (n.c.) r - . - - cataract I. 
                                                Flash OD 0.3 (1.2) M ! - Mod. - - Keloid formation. Cicatricial  3 
H.N F 19 31 1731 Poor                                                 burns. OS 0.6 (1.7) M - - lagophthalmos of both eyes. 
 4 T M. M 36 47 1738 Mod Nothing OD 1.2 (n.c.) - - Pseudo slight radiation 
. 
                                                   peculiar. OS 1.2 (n. c.) - - cataract I. 
 3 K H F 29 37 1200 Mod. ARS. OD 1.2 (n.c.) - - Mother of the Case No. 6 
                                                   Ep. 60°6. OS 1.2 (n.c.) •• - ! - -
                    0 8 1200 Mod. Nothing OD 1.2(n.c.) o - - Exposed to ATB prenatally.                                                                                                                          Moderate punctate op cities  6 N H F                         *A peculiar . OS 1.2 (n..c.) r - - •i - - in the post. cortex. 
 7 k 0 F 19 31 1233 Poor Ep.. 30%10%. OD 1.2(n.c.) O - o - - Only eye facing toward the bomb                                                    Flash burns. OS 1.2(n.c.) No cataract - - - - showed cataractous change. 
 8 S K M` 12. 22 1450 Mod. ARS. OD 1.2 (n.c.) Slight II - + Large - - A few, dotted opacities in the                                                 E
p. 100%. OS 1.2(n.c.) •i - + ~ - - post. pole with ophthalmoscope. 
                                             ARS. A few, dotted opacities and a9 Y K M 20 30 1312 Poor Ep. 100%. OD 1.0 (1.5) M i + + • - - clump of bubble-like opacities 
                                                Flash burns. OS 1.5 (n.c.) o + + •. - - with ophthalmoscope. 
                   4 OD 1.2 (n.c.) Moderate I - + + Typical moderate radiation 10 Y.M F 10 650 Poor Unknown. _ cataract I. Shielded by mother,                     12 OS .1.2 (n.c.) o - + •i + - in the open air. 
 11 T.M F 21 29 700 Poor ARS. Ep. 70%. OD 1.5(n.c.) Moderate II + - + •i + - Typical moderate radiation 
                     I Flash burns . . OS 1.5 (n c.) Moderate I + + a + - cataract II. Fig 3-E. & F. 
12 Y S F 37 47 1224 Poor ARS Ep. 100,°6. OD 0.7 (1.2) MA Moderate II - + a + - Pseudo moderate radiation 
                                             Flash burns. OS 0.7 (0.9) MA r + + •• + - cataract II. 
 13 S U M 11 22 1100 Poor ARS Ep.100,%0'. OD 1.0 (n.c.) •i 4- + r + - More cataractous change in 
                                                Flash burns. OS 1.0 (n.c.) Slight II - + •• - - eye facing toward the bomb. 
 14 K . A M 28 39 1015 Poor ARS Ep. 100%. OD 0.04 (n.c.) Severe -h + •• - + The right eye facing toward the 
                                                Flash burns OS 1.0 (1.2) H- Slight II - + ! - - bomb, had scar of neuroretinitis. 
15 Y Y F 21 29 805 Poor ARS Ep 100°6. OD 0.08 (0.2)MA Severe 4- O - +' Typical severe radiation 
                                             Flash burns. OS 0.2 (0.3) MA r + + •• - + cataract. 
                                             Ep slight OD 0.01 (n.c.) o + + o - + Moderate distance from the 16 K 11 F 38 49 1622 Poor 
                                                Flash burns. OS 0.2 or less(0.2)M o + + r - + hypoceoter. Fig 3-1. 
17 K K F 54 62 766 Mod ARS. OD 0.05 (0.1) M + + o - + Complicated by senile lenticular 
                                           
IEp. 100,°0' OS 0.03 (0.05) M o + + o - + opacities.
*A : - 9 months prenatally. ATB . - Atomic Bomb . ARS : - Acute Radiation Symptoms. Ep - Epilation. M - Myopia, 
MA : - Myopic Astigmatism. H - Hypermetropia. 
lenticular Opacities - 1. Vacucie. 2. Punctate Opacities in the Disjunction zones. 3. Plaque-like Subcasular Opacities, 
4 Small Lump of Tuff-like Opacities, 5. Saucer-shaped, Tuff-like Opacities
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Frequency of occurrence of atomic bomb radiation cataract versus distance from the 
hypocenter is shown in Table 3.
                        TABLE 3. 
Frequency of Occurrence of Pasterior Subcapsular Opacities versus Distance
 Distance Number Posterior Subcap- Percentage 
 (meter) Examined sular Opacities 
100- 599 16 11 68.75 
600- 799 53 24 (only one eye, 2) 45.28 
800- 999 34 22 (only one eye, 2) 64.71 
1000-1099 60 24 (only one eye, 2) 70.00 
1110-1119 82 69 (only one eye, 1) 84.15 
1200 -1299 105 75 (only one eye, 4) 71.43 
1300-1399 127 72 (only one eye, 4) 56.69 
1400 -1499 76 42 (only one eye, 6) 55.26 
1500 -1599 68 32 (only one eye, 5) 47.06 
1600-1699 76 25 (only one eye, 3 32.89 
1700-1799 56 18 (only one eye, 3) 32.14 
1800-1899 50 6 12.00 
1900-1999 70 9 12.86 
2000-2099 32 4 12.50 
2100-2199 33 4 12.12 
2200 -2299 35 4 (only one eye, 2) 11.43 
2300-2399 37 4.(only one eye, 2) 10.81 
2400-2499 25 2 (only one eye, 1) 8.00 
2500-2599 23 2 8.70 
2600 -2799 34 2 5.88 
2800-2899 26 3 (only one eye, 1) 11.54 
3000-3199 17 2 11.76 
3200 -3899 13 1 (only one eye) 7.69 
3400 -3599 12 3 25.00 
3600-3799 10 1 10.00 
3800 -3999 9 1 (only one eye) 11.11 
4000 -8000 29 3 (only one eye, 1) 10.34 
 Total 1208 483 39.98
   The incidence of radiation cataract decreased, as the distance from the hypocenter 
was increased. Cataract was observed in 84.15% of those persons at 1100-1199 
meters but only in 32.14% of those at 1700 - 1799 meters. The percentage dropped 
to about 10% at the range from 1800 to 8000 meters. For all persons within the 
1800 meter distance, cataract occurred in 57.37% (432 out of 753) ; for the distance 
of 2400 meters, 45.84% (463 out of 1010) of the persons. had cataract. 
    In Table 3, it was noticeable that the frequency of occurrence of cataract was 
lower at the range from 100 to 1099 meters and 25.00% at 3400-3599 meters. 
Analysis of these frequencies was done as follows. 
   a. Lower frequency at 100 - 1099 meters : Shielding of those who were in an 
air-raid shelter and concrete building at the explosion and had no burn might be 
GOOD. These "good" shielded persons were 50.00% at 100 - 599 meters, 75.47% 
at 600 - 799 meters, 29.41% at 800 - 999 meters, and 45.00% at 1000 - 1099 
meters, but only 15.8% at 1100 - 1199 meters where the highest frequency of occur-
rence of cataract was seen. After all, the lower frequency at the much neaxer distance 
as 1099 meters might be due to these higher percentages of "good" shielded persons. 
   b. Higher frequency at 3400 - 3500 meters : Table 4 shows that the plaque-like 
posterior subcapsular opacities were seen in 7.14% of the controls (age : 7 - 49), and
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that the frequency increased with increase 
in age. Therefore, 2600 - 2799 meters 
(5.88% - the lowest frequency) was 
compared with 3400 - 3500 meters, con-
cerning to age. At 2600 - 2799 meters, 
there were 8 persons older than 34 years 
(23.53%), and 26 persons under 34 
years. On the other hand, at 3400 -
3599 meters, there wers 9 persons older 
than 34 years (75.00%) among whom 
three had cataract. The ages of these 
cases were 44, 48 and 49 years. Only 
3 persons were under 34 years. The 
higher frequency of occurrence of cataract 
at 3400-3599 meters might be due to 
this higher percentage of older persons.
          TABLE 4. 
Frequency of Occurrence of Posterior 
Subcapsular Opacities in the Control 
versus Age
 Age Number Posterior Subcap- Percentage       Examined sular Opacities 
7- 9 15 I 0 0 
10-19 30 1 3.33 
20-29 30 2 6.67 
30-39 15 2 13.33 
40-49 22 3 13.64 
50-59 13 2 15.38 
Total 125 10 8.00
    2. Relationship of Posterior Subcapsular Opacities to Shielding. In order to 
exclude factors other than shielding, the age was limited to 20-29 years and the 
distance from the hypocenter to 100 -1600 meters. Shielding was classified as GOOD 
(in an air-raid shelter or a concrete building without burn), MODERATE (places 
other than an air-raid shelter and concrete building without burn) and POOR (suffered 
from burn). Burn was used as the criterion in the classification of shielding, because 
the thermal-ray might be proportionate to the radiation of the atomic bomb. The 
frequency of occurrence of the posterior subcapsular opacities is shown in Table 5. 
    Frequency among the GOOD shielded survivors was 39.39% (13 out of 33 
cases), MODERATE, 58.52% (79 out of 135 cases) and POOR, 71.43% (50 out of 
70 cases). The result of the X2-test of these figures was remarkably significant (X2 = 
9.788, degree of freedom = 2, X11% = 9.210). Therefore, the occurrence of the 
posterior subcapsular opacities was influenced by the type of shielding. 
    3. Frequency of Occurrence of Posterior Subcapsular Opacities versus Age. 
    To determine accurately the frequency of the posterior subcapsular opacities in rela-
tion to age, distance and shielding must be constant. Therefore, the distance from the 
hypocenter was limited to 1000 - 1600 meters (the near distance group) and shielding 
included the GOOD and MODERATE as mentioned above. The shielding was not 
considered for the far distance group (2500-4000 meters). This wide range was 
decided upon to secure sufficient number of cases. 
   In Table 6, it might be significant that in the near distance group the frequency 
of the posterior subcapsular opacities among the teen-agers was 63.95% in contrast to 
3.33% in the control and 3.57% in the far distance group. Nevertheless, the rate of 
increase among those in the forties who were in the near distance group to the control 
was higher than the rate of increase among those in the teen-age group. Therefore, 
we could not conclude that as occurred in animal experiments the frequency of occur-
rence of cataract among the younger group was higher. 
   The frequency of occurrence of posterior subcapsular opacities in the far distance 
group was almost similar to that in the control. 
   4. Relationship of the Frequency of Posterior Subcapsular Opacities to Sex. 
To determine the relationship of posterior subcapsular opacities to sex, it is important 
that distance, shielding and age must be constant. The distance selected was from
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          TABLE 5. 
Relationship of Posterior Subcapsular 
Opacities to Shielding
         TABLE 6. 
Frequency of Occurrence of Posterior 
Subcapsular Opacities versus Age
SHIELDING lNumber Post. Subcap. Percentage 
           Examined Opacities 
GOOD 33 13 39.39 
MODERATE 135 79 58.52 
POOR 70 50 71.43 
TOTAL 238 142 59.66
Ficn. 4. Frequency of occurrence of 
       posterior subcapsular opacities
         versus age.
              The Control 
-
Age Nunber Post. Subcap. Percentage       Examined Opacities 
10-19 30 1 3.33 
20-29 30 2 6.67 
30-39 15 2 13.33 
40-49 22 3 13.64 
Total 97 8 8.25 
           Near Distance Group 
     (1000-1600 meters, without burn) 
10-19 86 1 55 63.95 
20-29 150 1 85 56.67 
30-39 59 1 39 66.10 
40 -49 36 29 80,56 
Total 331 208 62.84 
            Far Distance Group 
           (2500-4000 meters) 
10-19 28 1 3.57 
20-29 51 4 7.84 
30-39 30 4 13.33 
40-49 26 6 23.08 
Total 135 15 11.11
1000 - 1600 meters and the age from 20 - 29 years. But, to obtain sufficient number 
of cases, the type of shielding was neglected.
   As shown in Table 7, results of the 
examination revealed 60.87% (56 out of 
92 cases) among the male and 58.90% 
(86 out of 146 cases) among the female. 
With the X2-test the two figures did not 
show any significant result (X2 = 0.09, 
degree of freedom = 1, X25% = 3.84). 
   5. Relationship of the Frequency 
of Occurrence of Posterior Subcapsular 
Opacities to Other Signs and Symptoms 
due to Atomic Bomb Radiation. Signs 
and symptoms due to atomic bomb radia-
         TABLE 7. 
Posterior Subcapsular Opacities versus 
Sex
 Sex I Number Post, Subcap, Percentage 
       Examined Opacities 
Male 92 56 60.87 
Female 146 86 58.90 
Total 238 142 59.66
tion were classified in SEVERE, MODERATE and MILD. Epilation, fever, diarrhea, 
bleeding and stomatitis were chosen as the typical signs and symptoms and grouped as 
follows :
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SEVERE : Those who had three or four of the other signs and symptoms , 
             besides epilation. 
MODERATE : Those who had one or two other signs and symptoms, besides 
             epilation. 
MILD : Those who had only epilation, or had one of the other signs 
              and symptoms. 
NONE : No sign or symptom.
   Distance from the hypocenter was limited to 1000 - 1600 meters, and age to 20 
- 29 years. The result of examination is shown in Table 8 .
    The posterior subcapsular opacities 
were found in 36.36% of the NONE 
group. The frequency increased as signs 
and symptoms became more severe and 
it was 80.00% in the SEVERE group. 
With the x 2-test, there was very signifi-
cant difference between each group (X2 
= 27.156, degree of freedom = 3, x2 
100 = 11.341). Therefore, it may be 
concluded that the frequency of occur-
rence of posterior subcapsular opacities is 
proportionate to severity of signs and 
symptoms due to atomic bomb radiation. 
   6. Posterior Subcapsular Opaciti-
es versus Epilation. Epilation may be
         TABLE 8. 
Posterior Subcapsular Opacities versus 
Signs and Symptoms due to Atomic 
Bomb Radiation
Signs and I Number Post. Subcap. Percentage Symptoms Examined Opacities 
NONE 66 24 36 .36 
MILD 55 26 50 .98 
MODERAE 81 60 74 .07 
SEVERE 40 32 30 .00 
Total 238 142 59 .66
the best standard to indicate the degree of radiation injury. The survivors advantage-
ously remember exactly the degree of epilation. Therefore, the relationship of posterior 
subcapsular opacities to epilation was examined. Although the limitations are recogni-
zed, it was arbitrarily decided to classify epilation in percentages; 10 - 30%, 40 - 60% ,
          TABLE 9. 
Posterior Subcapsular Opacities versus 
Epilation
Degree of Number Post, Subcap.1 Percentage 
Epilation Examined, Opacities 
    0 216 101 46.76 
 10-30% 130 81 62.31 
 40-60% 55 42 76.36 
 70-90% 45 38 84.44 
   100% i 72 70 97.22 
 Total 518 332 64.09
70 - 90%, and 100%. The distance was 
limited to 1000 - 1600 meters and age to 
7 to 49 years. The result of examination 
is shown in Table 9. 
   The opacities were found in 46.76% 
of no epilation group, but in 97.22% of 
total epilation group. With the XI-test,
Fie. 5. Incidence of post. subcap, 
      opacities versus epilation at 
      every distance,
ATOMIC BOMB RADIATION CATARACT
significant difference between each group was seen (X'=74 .257, degree of freedom= 
4, x21% = 13.28). Therefore, the posterior subcapsular opacities were related to the 
epilation effect of atomic bomb radiation. 
   On these 518 persons, the relationship of the frequency of posterior subcapsular 
opacities to epilation at every 200 meter range from 1000 to 1600 meters from the 
hypocenter is shown in Figure 5. 
    At every distance, the frequency of occurrence of posterior subcapsular opacities 
was proportionate to the severity of epilation. Each group of epilation was equally 
related in frequency to the distance.
          V. Moderate and Severe Atomic Bomb Radiation Cataract 
    Distance. Forty-eight moderate and seven severe radiation cataracts were found 
among those who were exposed at 650 to 1622 meters from the hypocenter (Table 
10). 
    A case which was exposed at 1622 meters was out in the open and suffered 
from slight epilation of the scalp hair. But, a great number of cases of severe radia-
tion cataract were exposed at a fairly close distance from the hypocenter. In spite of 
severe signs and symptoms due to atomic bomb radiation they survived, because their 
exposure was mainly limited to the head. Total radiation cataract was not observed 
perhaps because those heavily exposed to the radiation were unable to survive even 
though the exposure was confined to the head. 
    In Table 10, moderate and severe radiation cataract are less at the nearest distan-
ce. The reason is because a great part of survivors at the nearest distance were well 
shielded. 
    Age. Moderate and severe atomic bomb radiation cataract versus age is shown 
in Table 11. 
    It was observed that moderate radiation cataract more frequent in younger persons 
and severe radiation cataract be more in older persons. 
   Epilation. Concerning epilation, 43 cases had 90 -100%, 6 cases 50%, and 5 
cases slight epilation. Epilation of one case was unknown. 
   Visual Acuity. Visual acuity of slight radiation cataract cases did not fall. In 
moderate radiation cataract cases, there was almost no visual disturbance, but there 
was loss of visual acuity in severe radiation cataract cases as follows :
        TABLE 10. 
Moderate and Severe Atomic Bomb 
Radiation Cataract versus Distance
 Distance Moderate Radi- Severe Radi- Total 
 (meter) ation Cataract ation Cataract i 
600- 699 I 2 0 2 
700- 799 5 2 7 
800- 899 2 1 3 
900- 999 8 0 8 
1.000-1099 9 2 11 
1100-1199 15 1 16 
1200-1299 7 0 7 
1300-1399 0 0 0 
1400-1499 0 0 0 
1500-1599 0 0 0 
1600-1699 0 1 1 
 Total 48 j 7 55
        TABLE 11. 
Moderate and Severe Atomic Bomb 
Radiation Cataract versus Age
            Number of case 
 Age -
          Moderate Severe
7 - 9 4 0 
10 - 19 16 0 
20 - 29 20 2 
30 - 39 3 1 
40 - 49 4 1 
50 - 59 1 1 
60 - 69 0 2
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No. 1 : Age 20 years, male. Distance, 750 meters. 
      Tested in September, 1953. V. d. = 0.3 (1.0 x -3.0 D), V. s. = 0.3 (1.2 
       x -3.OD) 
No. 2 : Age 39 years, male. Distance, 1015 meters. 
      Tested in February, 1956. V. d. = 0.04 (n. c), V. s. = 1.0 (1.2 x + 
     0.5 D) 
No. 3 : Age 29 years, female. Distance, 805 meters. 
      Tested in September, 1953. V. d. = 0.08 (0.2 x - cyl 1.OD axis 0'), V. 
      s. = 0.2 (0.3 x - cyl 1.0 D axis 0°) 
No. 4 : Age 49 years, female. Distance, 1622 meters. 
      Tested in May, 1955. V. d. = 0.01 (n. c.), V. s. = 0.2 or less (0.2 x -
     0.5 D) 
No. 5 : Age 58 years, male. Distance, 1100 meters. 
      Tested in August, 1953. V. d. = 0.2 (0.7 x + 0.5 D), V. s. = 0.3 or less 
     (0.4x +0.5D) 
No. 6 : Age 62 years, female. Distance, 766 meters. 
      Tested in August, 1953. V. d. = 0.05 (0.1 x -2.0 D), V.s. = 0.03 (0.05 
       x - 3.5D) 
No. 7 : Age 65 years, male. Distance, 1037 meters. 
      Tested in February, 1956. V. d. = 0.6 (0.8 x + 0.5 D), V. s. 0.7 (0.8 
      x +0.5D)
   Visual acuity of No. 1 could be corrected with glasses to normal. Visual distur-
bance of No. 2 might be due to both scar of neuroretinitis and cataract. In general, it 
can be said that visual acuity of severe radiation cataract was reduced. 
    Surgical Cases. Three cases of severe radiation cataract were operated by Prof. 
K. HIROSE at the Nagasaki University Hospital. 
    a. The first case reported by HIROSE and FUJINO : Extracapsular extraction of 
the right eye, in August, 1950. Visual acuity after the operation, 0.2 (0.9 x + 10 D) 
    b. No. 6, mentioned above : Before the operation, V. d. = mm. (n. c.), V. s.
0.02 or less (0.03 or less x -4 D). After excracapsular extraction on the right eye, in 
December, 1954, and the left eye, in January, 1955, V. d. = 0.03 (0.7 x + 9.0 D), V. 
s. = 0.03 (0.4 x + 9.0 D). 
    c. No. 4, mentioned above : Before the operation, V. d. = 0.01 (n. c.), V. s. _ 
0.2 or less (0.2 x - 0.5 D). Iniracapsular extraction, in May, 1955. After the opera-
tion, V. d. = 0.04 (0.8 x + 10 D). 
    Good vision was restored by surgery without any complication due to atomic bomb 
radiation during or after the operation.
DISCUSSION
   Some important subjects of atomic bomb radiation cataract will be discussed as 
follows. 
   I. Clinical Findings of Atomic Bomb Radiation Cataract 
   1. Punctate Opacities in the Disjunction Zones. It was reported by VOGT, 
PELLATON, DOGGART, BELLOWS, CHJU, KAWAMOTO, and MASUDA that various physio-
logical opacities can be seen even in normal human lens. 
   Concerning punctate opacities, PELLATON23,(1923) found that of 82 children 
selected at random, punctate opacities were found in all but three (96.34%). A great
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number of the opacities were on the surf ace of the lenticular nucleus and deeper cortex, 
markedly more in the equator than in the axial region, in the anterior segment of the 
lens rather than in the posterior segment. The number of opacities varied extremely, 
in each individual, from a few to numerous. The size, color and transparency were 
also -very variable ; that is, fine and coarse, gray, faintly reflecting, dark yellow and 
shining with intensely white color. BELLOWS') (1934) described presenile and senile 
punctate opacities as follows : These opacities were located mainly in the deep peri-
pheral cortex, later becoming more numerous and involving the superficial cortex and 
the axial region, and the opacities measured between 20 and 100,a. KAWAMOTO12) 
(1934), and MASUDA'8 (1950) were of the same opinion as PELLATON and BELLOWS'. 
    These opacities were found in the lenses of the exposed as well as the controls, 
and the form and color was not different between those of the exposed and of the 
control. However, there were more punctate opacities in the disjunction zones of the 
exposed, although only a few punctate opacities were in these zones of the controls. 
Therefore, these two varieties of opacities could be differentiated from each other. 
    The opacities in the disjunction zones were also found in the early complicated 
cataract, but the punctate opacities of complicated cataract could be differentiated from 
those of the exposed as above mentioned. 
    Number and size of the opacities increased as the posterior subcapsular opacities 
were more severe, and the frequency of occurrence of the punctate opacities was higher 
in the nearer distance group and lower in the further distance group of the exposed. 
Therefore, it can be concluded that these opacities of the exposed were caused by 
atomic bomb radiation. 
   It is emphasized that this finding is specific to radiation cataract, although in the 
literature of radiation cataract any report of the specific nature of punctate opacities in 
the disjunction zones could not be found. 
    2. Vacuole in the Cortex. It is commonly known that lenticular vacuoles are 
seen in any kind of cataract. The vacuoles of roentgen-ray cataract were mentioned 
by some authors since FOSTER MOORE (1931). 
    MILNER") (1934) reported 13 cases of roentgen-ray cataract, and mentioned that 
the earliest change in the lens was the occurrence of vacuoles. KIMURA classified 
atomic bomb radiation cataract into four types and mentioned that the slightest change 
was a few vacuoles in the posterior subcapsular region. 
    The author also found vacuoles without posterior subcapsular opacities in 29 out 
of 290 eyes of the exposed (10%). These vacuoles seemed to be caused by the 
atomic bomb radiation, but there was some hesitation to conclude that these vacuoles 
were due to the atomic bomb radiation, because HARA and TOKUNAOA8) found vacuole 
in approximately equal frequency in controls (66 out of 654 eys - 10.09% - of the 
persons at age 10-69 years ; 39 out of 302 eyes - 12.91% - of the persons at age 
20 - 39 years). 
    However, it was reasonable to conclude ̀chat these vacuoles were one of early or 
slight changes of radiation cataract on the basis of the following facts : 1) Some of 
these vacuoles specifically were seen with the posterior subcasular opacities (Ref. Table 
1; 39 out of 290 eyes-13.45%). 2) The number of vacuoles in each lens increas-
ed with the severity of posterior subcapsular opacities. 3) In the experimental roentg-
en-ray cataract of rabbits, it was found by the author 21) that posterior subcapsular 
vacuoles were seen near the posterior suture as the slightest change caused by lower 
doses of irradiation. They also occur as an earlier change in advance of the posterior
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subcapsular opacities due to moderate or higher irradiation. 4) KITAJIMA1" (1932), 
OKUZAWA22) (1933), KANDORI' " (1940), MARUTA") (1955), et at. also reported 
vacuoles in the anterior subcapsular region and equator of experimental roentgen-ray 
cataract. 
   3. Plaque-like Opacities in the Posterior Subcapsular Region Plaque-like opa-
cities in the posterior subcapsular region of exposed porsons were reported in detail by 
SINSKEY. KIMURA, MASUDA, ASAYAMA and TSUKAHARA, MAETANI, and ICHIHARA") 
(1955) also reported the opacities. 
   However, these opacities were found in 7.1% (8 out of 112 persons aged 7-49 
years) of the control, and the frequency of these opacities increased with age. The 
pathogenesis and progression of these opacities are unknown. SINSKEY also found these 
opacities in 10% of the control. Clinically, there was no difference between slight 
radiation cataract I and the opacities of the control. Therefore, it is concievable that 
some cases of slight radiation cataract I might be essentially such cases of physiological 
plaque-like opacities. Moreover, attention must be paied to the plaque-like subcapsular 
opacities of the posterior pole which are seen in the early stage of complicated cataract 
and senile cataract. 
    Nevertheless, it is certainn that a great part of these plaque-like opacities were 
caused by atomic bomb radiation, because the frequency of occurrence of the opacities 
were proportionate to distance from the hypocenter, shielding and epilation. 
   ROHRSCHNEIDER24) (1932), and COGAN et al.') (1952) reported the early finding 
of human radiation cataract. ROHRSCHNEIDER mentioned that the earliest change was 
"Farbenschillern" in the posterior pole. COGAN, et al. reported that with the slit lamp 
a golden-yellow reflex about the posterior capsule could be appreciated before any real 
opacification was apparent, and that in early stages of cataract the opacities which 
were amorphic and frequently accompanied with polychromatic crystals, were in the 
plane of the posterior capsule. The posterior subcapsular amorphic opacities are similar 
to the above mentioned plaque-like opacities, which indicate an earlier change of atomic 
bomb radiation cataract. However, the golden-yellow reflex about the posterior capsule 
could not be found, and the reason may be because this survey was done about 8 to 
10 years after the explosion. 
    The first case of atomic bomb radiation cataract reported by HIROSE and FUJINO 
had visual disturbance and was diagnosed as cataract by an ophthalmologist ten months 
after the explosion of atomic bomb. Therefore, it is sure that he had severe opacities 
in the posterior subcapsular region at the time of examination, and that the plaque-like 
subcapsular opacities occurred earlier than ten months after the explosion. The author 
found that the plaque-like opacities were experimentally caused with 500 - 2000r of X-
ray on the rabbit eye 24 -14 weeks after irradiation. However, the result of this 
experiment cannot be applied to the human lens, because radio-sensitivity is different in 
each species. 
    Concerning to the tuff-like opacities, KIMURA and IKUi, SINSKEY, HIROSE and 
FUJINO, and MASUDA reported these opacities in atomic bomb radiation cataract. Since 
the discovery of roentgen-ray cataract by GUTMANN and TREULER7 1 (1905), the 
opacities of roentgen-ray cataract were mentioned by ROHRSCHNEIDER24 ' (1928), 
MEESMANN2°) (1928), VCGT2°) (1931), MILNER' (1934), GREZEDZIELSKI°) (1935), 
LEJNFELDER and KERRY') (1936), et al. The findings reported by them were almost 
similax to those observed by the author, although they scarcely mentioned such slight 
tuff-like opacities as occur in moderate radiation cataract. Therefore, the tuff-like
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opacities will not be discussed in this paper. 
    II. Occurrence and Progression of Atomic Bomb Radiation Cataract 
    Atomic bomb radiation cataract was classified into slight radiation cataract I and 
II, moderate radiation cataract I and II, and severe radiation cataract. It is conceiva-
ble that these cataracts occurred several months after the explosion. It may be interest-
ing how atomic bomb radiation cataract individually developed to these degrees. How-
ever, it is difficult to clarify the problem since the survey was made about 8-10 years 
after the explosion and these cataracts might be already stationary at the time of 
examination. 
   The latent periods of these opacities might be inversely proportionate to the irradia-
tion dose and the severity of cataract would be similarly proportional. For example, 
the slight radiation cataract might be caused by lower radiation dose, occur later after 
the explosion, and not progress to moderate radiation cataract. This opinion was for-
mulated on the basis of the following two facts : 1) The author's experiment of 
roentgen-ray cataract on the rabbit eye showed the same results. 2) There was no 
progression of the posterior subcapsular opacities of some exposed persons at repeated 
examinations. However, severe radiation cataract progressed, and, three severe radiation 
cataract cases were operated in Nagasaki. 
   III. Differential Diagnosis of Atomic Bomb Radiation Cataract and the Dis-
        tant Limit of the Cataract 
   For diagnosis of atomic bomb radiation cataract, the specific opacities must be 
found. It has been discussed that the specific opacities were punctate ones in the 
disjunction zones, plaque-like areas and tuff-like opacities in the posterior cortex. 
    Cataract which has slight plaque-like opacities in the posterior subcapsular region 
(similar to that in the slight radiation cataract I or II) may be diagnosed as atomic 
bomb radiation cataract if one takes into consideration the conditions under which the 
patients were exposed to the explosion, if there is no cause other than the atomic bomb 
radiation, and if the lens has the white punctate opacities in the disjunction zones. 
Thus, these cataracts must be differentiated from the plaque-like opcities in the posteri-
or subcapsular region which were seen in the control or in early stage of both compli-
cated cataract and senile cataract. 
    The moderate and severe radiation cataracts have the specific tuff-like opacities 
which appear to be hard and do not invade deeper than the posterior zone of disjunc-
tion. Therefore, moderate radiation cataract is not too difficult to diagnose. If the 
cataract shows the characteristic doughnut silhouette ophthalmoscopically and bivalve 
configuration at the optical section, it can be diagnosed definitely as severe radiation 
cataract. 
    Moderate radiation cataract must be differentiated from moderate complicated 
cataract, and severe radiation cataract from senile posterior saucer-shaped cataract. 
   The distant limit of atomic bomb radiation cataract should be considered. The 
radiation dose of atomic bomb at every distance in Nagasaki is unknown, but it would 
be inversely proportionate to square of the distance. Therefore, it had to be less than 
the cataractogenic dose or zero, beyond a certain distance from the hypocenter. 
    In Table, 3, the posterior subcapsular opacities were seen in 32.14% at 1700 -
1800 meters, and a significant difference between the group and the control (7.14% ) 
was shown by the XI-test. However, there was no significant difference with the X1-
test between the frequency of the opacities at the distance over 1800 meters and in the 
control. Therefore, the distant limit of atomic bomb radiation cataract in Nagasaki
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statistically was 1800 meters, but it might not be unreasonable to extend the limit to 
2400 meters, because the absolute value of the frequency of the lenticular opacities 
from 1800 to 2400 meters was larger than that of the control. Moreover, some cases 
that were diagnosed as slight radiation cataract could be found even within 2400 
meters. Atomic bomb radiation in Nagasaki might not be equally distributed in the air, 
and be effected by atomospheric phenomena, geographical features, individual shielding 
and secondary radiation. Therefore, some persons at a distance over 1800 meters 
might be irradiated with cataractogenic dose. 
    IV. Prognosis of Atomic Bomb Radiation Cataract 
    Discussion on the prognosis o f atomic bomb radiation cataract must be made on 
the following subjects : disturbance o f visual acuity, regression and progression of the 
cataract, and surgical treatment. 
    Slight radiation cataract had no effect on visual acuity. Moderate radiation cata-
ract hardly disturbed vision. However, the visual acuity of severe radiation cataract 
was reduced. Those cases with impaired vision were only a part of atomic bomb 
radiation cataract cases. Therefore, it can be concluded that the prognosis of atomic 
bomb radiation cataract is good. 
    Progressive cases of slight and moderate radiation cataracts were not found, but 
some cases of severe radiation cataract were evidently progressive and operated. If 
the slight and moderate radiation cataracts progressed, many severe radiation cataracts 
would have been found at the time of this survey. On the other hand, regression of 
opacities were not seen even in the slight radiation cataract. Therefore, a great part 
of atomic bomb radiation cataracts may be stationary. Even if some progression of 
the cataracts are presumed, the progression would be extremely slow. 
    The postoperative visual acuities of three severe radiation cataract cases were good, 
and there were no complications during or after the operation. 
    The general prognosis of atomic bomb radiation cataract is good. However, it is 
impossible to make an estimate concerning progression of these cataracts in the future. 
Even if these cataracts are stationary, it can not be certain that these lenticular opaci-
ties will have no added effect later in life as in. the case of senile cataract. Theref-
ore, a continuous survey must be done.
                       CONCLUSION 
    From July, 1953 to December, 1956, an ophthalmological survey was done on 
1600 persons who were exposed to the atomic bomb radiation within 100 to 8000 
meters from the hypocehter of the explosion in Nagasaki. The results of the survey 
on radiation cataracts disclosed the following : 
    
I . The frequency of occurrency of the atomic bomb radiation cataract was 
57.37% (432 out of 753 cases) within 1800 meters and 45.84% (463 out of 1010 
cases) within 2400 meters from the hypocenter. 
    II . The lenticular opacities caused by the atomic bomb radiation consisted of 
(1) white, punctate opacities in the disjunction zones, (2) vacuoles in the cortex, (3) 
plaque-like opacities in the subcapsular region of the posterior pole, and (4) tuff-like 
opacities in the posterior polar cortex. (1) and (4) were peculiar to radiation catara-
ct, (2) were seen in other types of cataract and (3) were detected in the control 
(7.14%). 
    IQ . The posterior subcapsular opacities caused by atomic bomb radiation were
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morphologically classified into plaque-like opacities and tuff-lik..e opacities. As for the 
severity of opacities, the plaque-like opacities were classified into slight radiation cata-
ract I and II, and the tuff-like opacities, into moderate I, II and severe radiation 
cataract. The most extensive radiation cataract presumedly should be called total 
radiation cataract, and morphologically speaking they might be similar to the other 
types of cataracts. 
    IV. The degree of lenticular opacity due to the atomic bomb radiation seemed 
to be proportional to the radiation dosage. Repeated observations did not demonstrate 
any evidence of progression. 
    V . The frequency and severity of the atomic bomb radiation cataract were 
proportional to distance, shielding and the severity of other signs and symptoms 
(especially epilation of the scalp), but not to age and sex. 
    VI . A statistical study indicated that most of the radiation cataracts occurred 
within the 1800 meter range from the hypocenter, but it might not be unreasonable to 
extend the limit to 2400 meters, because the absolute value of the frequency of the 
lenticular opacities was larger than that of the control. 
    V~ . Visual acuity was hardly disturbed by the atomic bomb radiation cataract, 
and the cataract did hot progress, except in the severe cases. Even in the cases of 
mature cataract, good vision was restored by surgery. Therefore, it may be said that 
the general prognosis for the atomic bomb radiation cataract is good. 
   The effect that the radiation opacities may have on the ultimate development of 
senile cataract is unknown as yet.
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